allows for subtle (but crucial) corrections and critical in this are the use of internal and fixed markings. Traditional skin markings are not reliable as they are liable to change with position as well as after initial skin incisions are made on the breast. Residual breast tissue undergoes significant mobilisation which hampers accurate implant placement. Furthermore, tissue expansion leads to preferential upper pole expansion. Implants placed in these pockets tend to migrate superiorly.
Pre-operative markings in breast surgery are common practice. Traditionally, the pre-operative markings are usually made using an indelible marker with the patient standing. These markings are at risk of being removed if the chest wall and breast are cleaned and scrubbed. However, once the patient is lying down and with the effect of gravity now negated, the position of these markings moves up by 2 cm as observed empirically. Furthermore, once the incision is made and undermining is done, the position of these markings typically moves up a further 2 cm.
We present our approach to breast surgery with rib or intercostal markings using methylene blue injections. Using our method of marking, we can achieve more accurate implant placement at a pre-determined, fixed level. We highlight our cases and show the advantages of using this method. Figure 1 illustrates the position of the implant position relative to the internal methylene blue markings that we follow and relative to the nipple-areolar complex.
We initially used our percutaneous markings for breast reconstruction but have subsequently used it for breast augmentation (BA).
METHODS
Percutaneous markings are used for a variety of breast operations from reconstruction to augmentation. When expanders are used, they are typically placed in a submuscular pocket. We find that this placement can result in a more superolateral expander position due to the pectoralis major muscle contraction which we address during our implant placement. Implants are chosen based on pre-operative measurements of chest width and the patient's desired projection.
The inframammary crease is marked with the patient upright and taking implant dimensions into account.
A blue needle (23-gauge) needle mounted on a 1 ml syringe is prepared and aliquots of 0.1 ml of blue dye are injected. This amount allows localised point staining of dye intraoperatively. Excessive infiltration and pre-operative local anaesthetic infiltration result in diffusion of the dye and difficulty with accuracy. As local anaesthesia is not infiltrated, we use topical anaesthesia and proceed with a chair or bed behind the patient in case of pain.
Dye is injected directly over the bony periosteum closest to the inframammary fold. If the bone is noted to lie above or below this fold, we mark the rib and slowly "run" the needle down to the muscle. The needle is not advanced past the rib to avoid injury to underlying structures. Dye injection is done while withdrawing the needle. Therefore, we aim to stain the periosteum and we aspirate to ensure we are not in a vessel lumen before injecting on withdrawing the needle. This leaves a track of blue dye commencing at the bone or muscle and terminating at the skin surface. This allows for a method of marking that will stay the same with the patient lying down or standing. Both medial and inferior margins are marked.
Dissection proceeds until the expander is visualised and removed. Capsulotomy is performed more medially and inferiorly with a diathermy. Blue dye is then noted in the medial and inferior margins and forms our boundary for implant placement. An anatomical implant (usually between 295 and 325 ml) (Silimed) is used. If a larger volume is required, this usually indicates a significant amount of ptosis that an implant cannot mimic and we prefer autologous reconstruction.
Pledgeted pull out sutures are used over the superolateral aspect of the pectoralis major muscle to temporarily prevent superomedial retraction of the pectoralis major. These sutures are left for at least 2 weeks. The pectoralis major muscle is repaired with vicryl 2-0 to prevent grooving and the skin is repaired in 2 layers.
RESULTS
We have used our percutaneous methylene blue injection method on the following patients [ Post-operatively, we achieved good symmetry of bilateral breast implants. Photographs were taken pre-operative and 3 months post-operative and were evaluated independently by medical officers. Results were rated as either very good, good, minor problems, or major problems.
We had 39 patients and follow-up was between 3 and 24 months. All results were rated as good or very good. There were no implant-related complications.
DISCUSSION
In the United States, there has been a shift away from autologous tissue to implant reconstruction, and as of 2002, implants were the most popular method of breast reconstruction in the United States. [1] In our setting, we use breast implants for delayed breast reconstruction and where implant reconstruction is chosen by the patient. Seventy per cent of our cases involve ductal carcinoma in situ or early cancer that does not require radiotherapy or are sentinel lymph node negative. These patients undergo mastectomy and TE. Eventually, the expanders are exchanged for implants.
With extensive pocket dissection, implants have a tendency to ride higher. Conversely, if the implants are placed too low, there is a tendency for remnants of the nipple-areolar complex to migrate upwards. Accurate implant placement is therefore essential.
Traditional skin markings with indelible markings change position from the upright to supine position. The positional change in marking causes difficulty in implant placement. Regardless of marking technique, the position of the skin will change depending on position due to the effect of gravity and stress-relaxation of the skin.
For BA, relying on the nipple-areolar position is also fraught with difficulty as the nipple is also mobile. Nipple mobility is related to breast laxity so that if the patient has lax breasts, then the nipple is more mobile and less reliable as a marker.
Furthermore, to counter movement of the skin and to a lesser extent nipple-areolar position, it is best to sit the patient up. However, where operating tables do not allow for 90° flexion, this is not a viable option. Furthermore, sitting is not a valid simulation of standing as the abdomen can push the breasts up in the sitting position.
For accurate implant placement, a fixed position must be found. To that effect, the rib underlying the breast is relatively fixed to the overlying breast parenchyma. Our technique utilises the relative immobility of the ribs for accurate implant placement.
Our percutaneous markings are useful in many settings:
Tissue expander and implant exchange Following breast resection, there is usually a large space to be filled by the TE. Movement or shifting of the expander occurs over time. During the final implant exchange, we need to remark the margin. We typically percutaneously mark the medial and inferior margin to aid in implant placement. Skin markings will not do justice as the markings will change depending on position and if skin is incised. The methylene blue injections allow for a fixed landmark from which minor placement adjustments can be made. In Figure 2 , note the difference in inframammary fold that was corrected with the aid of the methylene blue dye.
Breast augmentation
The methylene blue injections are typically useful for asymmetrical patients or patients with obvious differences in inframammary folds. We prefer the inframammary approach, and the problem arises from difficulty in centring the implant. This difficulty arises partly as a result of the skin markings moving when the patient position changes from standing to supine. The methylene blue injections also come in useful if the operating bed cannot be raised to 90° (to sit the patient up). Furthermore, the sitting position is at best a mediocre substitute for standing as abdominal tissue can affect breast position in the seated position. Traditionally, the implant is centred over the nipple, but the nipple is also mobile. Nipple mobility depends on breast laxity and hence, like skin markings, can vary and is position dependent.
We utilise the fact that the rib is relatively fixed and place our markings on the rib. If our markings suggest that we need to be in the muscle, we aim to mark the rib and slowly "run" the marking down to the muscle. This way, we do not go deep and cause injury to the underlying structures.
In Figure 3 , the patient has marked scoliosis and asymmetrical breasts. The methylene blue dye is helpful to provide a fixed landmark for implant placement.
Breast reconstruction with implants
These are cases where implant exchange is performed with or without latissimus dorsi cover. In these cases, we use methylene blue dye at the time of implant exchange. The TEs are removed and the patients are marked with methylene blue dye at the inferomedial aspect. The inferomedial markings are made to preserve the inframammary fold and prevent synmastia or injury to the internal mammary perforators. Skin markings will not do justice as the markings will change dependent on position and if skin is cut. In Figure 4 , we see a complex case of bilateral breast reconstruction using implants. This patient had multiple surgeries with resultant asymmetry that we improved with the aid of methylene blue injections.
Disadvantages to our method were few, and we had two cases of dizziness or patients feeling faint due to pain. There were no other complications. There is also a potential allergic or anaphylaxis reaction, but we did not experience any allergic reaction. 
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